###### Strengths and limitations of this study

-   Population-based design cohort study linking universal health system data with national mortality data ensures excellent follow-up coverage and similar capture of deaths by suicide between veterans and civilians.

-   Despite both matching and inclusion of key variables associated with suicide risk that were not on a causal pathway to death by suicide (eg, socioeconomic status and physical comorbidity), residual confounding is still possible.

-   This first study of suicide risk in Canadian veterans did not have details on potential explanatory factors of suicide risk specific to military service, which would be important to understanding heterogeneity in risk within the veteran population.

-   The absolute risk of suicide and the presented associations may not be generalisable to other countries with different military culture, length of service, deployment and combat experience; direct comparison may not be appropriate.

Introduction {#s1}
============

A constellation of factors may increase the likelihood of death by suicide in military veterans. Established population-based risk factors, including being male, having a personal history of childhood abuse, a personal history of trauma and/or mental disorders, experiencing current financial hardship or the breakdown of intimate relationships, are relevant to the ex-serving population.[@R1] Military-specific risk factors, such as operational conditions of training and deployment including sleep deprivation, stress and exposure to traumatic events[@R1] may interact with these established factors and continue to exert an effect long after initial exposure, further increasing the risk of suicide over time.[@R7]

Despite the large amount of attention on the issue of suicide among military populations, the literature is sparse and inconsistent.[@R8] Findings vary depending on country of origin, service period of reference and the definition of veteran status. There are even fewer Canadian studies of veteran populations.[@R14] A recent governmental report from Veterans Affairs Canada (VAC) used national vital statistics data linked to administrative Department of National Defence (DND) records concluded a higher risk of suicide for young male veterans, and female veterans, relative to the general population.[@R15] The VAC study and many other~~s~~ international~~ly~~ studies are limited by their inability to make direct comparisons with a similar civilian cohort or to adjust for established risk factors and potential confounders such as socioeconomic status or rurality.

The primary aim of this paper was to describe and compare the rates of death by suicide in Canadian male veterans living in Ontario with age and sex matched civilians, adjusting for key confounders.

Methods {#s2}
=======

Study design {#s2a}
------------

This was a retrospective, cohort study using provincial, routinely collected data and set in Ontario.[@R16] Ontario is home to 8 of the 38 Canadian federal military bases, including the major operational bases Canadian Forces Base Kingston and Petawawa, the Royal Military College of Canada, the DND Headquarters and national headquarters for the Royal Canadian Mounted Police (RCMP). In Ontario, universal healthcare planning and delivery is separated into 14 distinct geographic regions. With 13.7 million inhabitants, Ontario is also the most populous province in Canada, making it an ideal province to study rare outcomes such as death by suicide. The authors followed the STROBE reporting guidelines.[@R20]

Patient and public involvement {#s2b}
------------------------------

Patients and/or the public were not involved in the design or analysis of this study.

Study population {#s2c}
----------------

Veterans were defined as previous Canadian Armed Forces (CAF) and RCMP members who provided evidence to the Ontario Ministry of Health and Long-Term Care (MOHLTC) of their career history, typically at the time of Ontario Health Insurance Plan (OHIP) provincial healthcare registration. The MOHLTC provided an anonymised list of people with an administrative CAF and RCMP service code linked to their health card number to Institute for Clinical Evaluative Sciences (ICES), as well as career start and end dates. At the time of service departure, health insurance coverage is switched from federal to provincial oversight and waiting periods for provincial health insurance are waived, which has resulted in a population-based cohort of veterans in Ontario. Data anonymisation and linkage including the addition of the unique encoded identified (ICES Key Number) and removal of the health card number was performed according to standard ICES protocol by the ICES Data Acquisition team, and identifying information was removed from the cohort prior to access by the authors.

VAC estimated that 31% of veterans---approximately 1050 individuals---transition from the military to civilian residence in Ontario each year.[@R21] We do not know the true denominator of veterans living in Ontario during our study time frame; however, the number of veterans entering our cohort per year was similar to the expected number. We found a similar age, sex and length of service distribution in our cohort as reported by VAC. Our cohort has fewer younger veterans (\<25 years old) and a larger number of older veterans (≥50 years) than expected; however, this is likely explained by our inclusion of RCMP veterans.[@R18] We are unable to separately study CAF and RCMP veterans as the MOHLTC includes both under a single veteran status identifier variable. The large majority of our cohort are likely to be CAF veterans, rather than RCMP[@R18] as \<200 RCMP retire to Ontario per year (Drouin, personal communication). We therefore estimate that ≥80% of the cohort are CAF veterans.

We included male ex-serving members in this study if they registered for OHIP between January 1, 1990 and March 31, 2013. Female veterans were not included given the small percentage of the military who are female (\~15%)[@R22] and the rarity of suicide. We excluded individuals with OHIP coverage while still engaged in CAF or RCMP service, as indicated by OHIP billing record dates. Individuals were followed until death, OHIP coverage ended (eg, moved out of province) or until the end of the study period (December 31, 2015). The date of OHIP registration is a close approximation of the veterans\' release date from the CAF or RCMP.[@R18]

Two civilian comparator groups were created by matching at a ratio of four civilians for one veteran: (1) on age (using birth year) and sex and (2) on age, sex and residential geography in the year following transition. Geographic region of residence was determined by Local Health Integration Networks (LHIN). Fourteen LHINs manage the financial planning and provision of healthcare in Ontario. Individuals were assigned to an LHIN based on their postal code.

Our previous work demonstrated temporal stability for the majority demographic details and that veterans are most likely to live within three regions of Ontario with close proximity to major bases and governmental departments.[@R18] The two reference groups were chosen to be most comparable with other Canadian studies (age and sex alone[@R15]) and a study from Scotland that applied matching (age, sex and geography[@R8]). The OHIP registration date of the veteran was used as the index date for entry into the cohort for both the veteran and the matched civilian reference groups. Eligible civilian controls had to be alive at the study index date.

Data sources {#s2d}
------------

The study linked multiple administrative datasets held at ICES. ICES is a prescribed entity under section 45 of Personal Health Information Protection Act and may collect data and conduct analyses to improve health and healthcare without individual consent. These datasets were linked at the individual level using unique encoded identifiers and analysed at ICES. The Registered Persons Database provided sociodemographic data on age, sex, region and rurality of residence in Ontario, as well as aggregate community-level median income. The OHIP database provided information on eligibility for provincial health services and was used to identify major physical and mental comorbidities. The Canadian Institute of Health Information Discharge Abstract Database (CIHI-DAD) provided information on hospitalisations and was also used to identify physical and mental health comorbidities. The National Ambulatory Care Reporting System (NACRS) provided diagnostic and service information on ED visits and was also used to identify physical and mental comorbidities. The Ontario Registrar General (ORG) database provided information on vital status and cause of death.

Identifying deaths by suicide {#s2e}
-----------------------------

Death by suicide was the primary outcome of this study. We identified deaths using the ORG database which contains mandatory reported information from provincial death certificates. Deaths that occurred between January 1, 1990 and December 31, 2015 were captured using an established method that uses the underlying cause of death diagnoses related to suicide as per the International Classification of Disease (ninth edition) classification system (E950-E959) and a manner of death equal to suicide for deaths that occurred in 2013 and later. This method has 97% sensitivity in identifying suicides from the ORG database.[@R23] All other deaths were classified as being due to other causes.

Covariates {#s2f}
----------

Covariates were selected from known predictors of suicide risk that were not along the causal pathway[@R1] and measured in the first year of provincial health insurance eligibility: age (matching), sex (matching), geography (matching, sensitivity analysis only), physical illness, socioeconomic status and rurality of residence. Potential explanatory variables, such as mental illness, trauma or operational experiences (eg, deployment) were considered to occur along the causal pathway from military career to death by suicide and were not included as potential confounders. The presence of major comorbidities was classified using the John~~'~~s Hopkins Aggregate Diagnosis Groups (ADGs).[@R24] A score was used to reduce the number of individual variables in the model, rather than including the presence of particular physical health diagnoses specifically and to ensure only validated measures of such conditions were included. The ADGs are created using hospitalisation (CIHI-DAD), ED visits (NACRS) and physician billing (OHIP) data in Ontario in the 2 years following the index date. Information on health status while the veteran was still serving was not available, as this is captured in a separate, military healthcare system. By focusing on major ADGs, we hoped to decrease the likelihood of capturing new diagnoses that would not have existed the year previous to the transition from military to civilian life. Using information on the type, diagnoses and number of encounters, six ADGs are classified as 'major' and summed.[@R24] Major ADGs included time-limited: major; time limited: major-primary infections; likely to recur: progressive; chronic medical: unstable; chronic specialty: unstable orthopaedics; injuries/adverse effects: major; and malignancy. The major psychosocial ADG was not included in the measure of comorbidity used to adjust for confounding in the comparison of suicide risk between veterans and non-veterans as differences in the occurrence of mental disorders could explain differences in suicide risk between veterans and civilians. Categories of 0, 1 and 2+ major comorbidities were used in the analysis based on the distribution of data. Socioeconomic status was defined according to median community income quintile using census data linked to postal codes (1=lowest to 5=highest). Rurality of residence was defined according to the Rurality Index of Ontario, in which municipalities are assigned a score (0--100) based on total population, population density and travel times to healthcare centres.[@R25] Individuals were assigned to a municipality using their postal code.

Statistical analysis {#s2g}
--------------------

Descriptive statistics compared demographic characteristics between the veteran and civilian populations using χ^2^ tests for independence and t-tests for categorical and continuous data, respectively. Crude death by suicide incidence rates, incidence rate ratios and 95% confidence limits were calculated using the gamma distribution. Incidence rates were further stratified by age at release (\<30, 30--39, 40--49, 50+), calendar year of release (1990--1999, 2000--2013), length of service (\<5, 5--9, 10--19, 20+ years) and in 5-year time intervals following release (0--5, 5--10, 10--15 and 15--20 years) to explore temporal and service-related patterns. Statistical comparisons of these strata were not completed given small sample sizes.

Multivariable competing risks analysis was completed using the Fine and Grey sub-distribution hazards regression to compare the risk of death by suicide and death by other causes between veterans and civilians.[@R26] Individuals were censored at the end of the follow-up period if they had not experienced the event of interest for the analysis. Hazard ratios and 95% CIs were presented, further adjusted for baseline age (continuous), presence of major comorbidities (0, 1, 2+), median community income (quintiles) and rurality of residence (Rurality Index of Ontario, 0--9 (most Urban), 10--30, 31--50, 51--70, 70+ (most rural)). Confounders were selected because their values differ between veterans and civilians and are associated with suicide risk. Individuals with complete data (97.7% of the cohort) were included in the multivariable analyses. P values \<0.05 were considered statistically significant; two-sided hypothesis tests were completed. All analyses were performed using SAS V.9.3 Copyright 2008 (Cary, North Carolina, USA).

Results {#s3}
=======

In this analysis, 20 397 veterans released to Ontario between 1990 and 2013 and 81 559 age-matched non-veterans were included ([figure 1](#F1){ref-type="fig"}). Together, they contributed over one million person-years of follow-up. Median follow-up from index was 10 years in veterans and 12 years in civilians. Almost half of veterans left the CAF or RCMP before 2001, and half released in 2001 or later. Length of service varied: 19.5% served \<5 years, 16.4% served for 5--19 years and 54.1% served ≥20 years. [Table 1](#T1){ref-type="table"} compares characteristics of the veteran and age-matched civilian cohorts. Veterans had significantly fewer major or minor physical and mental health conditions, were significantly less likely to live in communities with the lowest median income and were more likely to live in rural areas than the civilian cohort. Online [supplementary table S1](#SP1){ref-type="supplementary-material"} compares demographic characteristics between the civilian and age, sex and geography matched cohorts.
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###### 

[test](test)

![Selection of study cohort. CAF, Canadian Armed Forces; MOHLTC, Ministry of Health and Long-Term Care; OHIP, Ontario Health Insurance Plan; RCMP, Royal Canadian Mounted Police; SER, It is the three letter code that indicates the eligible insuree is a Canadian Armed Forces or RCMP veteran.](bmjopen-2018-027343f01){#F1}

###### 

Demographic characteristics of the veteran and age-matched civilian cohorts

                            Veterans (n=20 397)   Civilians (n=81 559)   P value\*
  ------------------------- --------------------- ---------------------- -----------
  Age at index (mean, SD)   42.1 (10.1)           42.1 (10.1)            0.88
  \# Major ADGs                                                          \<0.001
   0                        12 095 (59.3%)        45 328 (55.6%)         
   1                        5428 (26.6%)          22 476 (27.6%)         
   2+                       2874 (14.1%)          13 755 (16.9%)         
  \# Minor ADGs                                                          \<0.001
   0                        4248 (20.8%)          14 896 (18.3%)         
   1                        3129 (15.3%)          11 112 (13.6%)         
   2                        3213 (15.8%)          11 870 (14.6%)         
   3+                       9807 (48.1%)          43 681 (53.6%)         
  Socioeconomic status                                                   \<0.001
   Lowest                   2090 (10.2%)          16 017 (19.6%)         
   2                        3439 (16.9%)          15 929 (19.5%)         
   3                        4196 (20.6%)          15 950 (19.6%)         
   4                        5225 (25.6%)          16 121 (19.8%)         
   Highest                  4519 (22.2%)          16 119 (19.8%)         
   Missing                  928 (4.5%)            1423 (1.7%)            
  Rurality                                                               \<0.001
   Most urban               11 619 (57.0%)        58 447 (71.7%)         
   10-30                    3812 (18.7%)          11 300 (13.9%)         
   31--50                   2483 (12.2%)          7093 (8.7%)            
   51--70                   1381 (6.8%)           1803 (2.2%)            
   Most rural               197 (1.0%)            1222 (1.5%)            
   Missing                  905 (4.4%)            1694 (2.1%)            

\*P value from Kruskal-Wallis test (continuous) and Χ^2^ test (categorical).

Socioeconomic status=median community income quintiles and Rurality=Rurality Index of Ontario score, 0--100.

ADGs, John's Hopkins adjusted diagnostic groups.

Over the study period, 4.2% of the male veteran cohort died (n=854) compared with 6.5% of the non-veteran cohort (n=5294). Fifty-two per cent of deaths in male veterans occurred in those \<50 years, compared with 43% of deaths in male civilians. The most common causes of death in both groups were cancer or diseases of the circulatory system. Overall, veterans had an 18% lower adjusted risk of dying from causes other than suicide, compared with age-matched civilians (HR 0.82, 95% CI 0.76 to 0.89; p\<0.0001).

Death by suicide was rare in both cohorts: 4.6% of deaths in the veteran cohort (n=39) and 3.6% of deaths in the non-veteran cohort (n=189), respectively. The crude incidence rate of death by suicide in the veteran cohort was 16.1 per 1 00 000 person-years (95% CI 11.2 to 22.2) and 17.7 per 1 00 000 person-years in the non-veteran cohort (95% CI 15.2 to 20.6). Veterans and non-veterans had a similar risk of dying by suicide during the study period ([table 2](#T2){ref-type="table"}). The adjusted HR of death by suicide for veterans was 1.01 (95% CI 0.71 to 1.43) compared with the age-matched non-veteran comparator group. The conclusions did not change when the civilian cohort was matched on both age and geography (online [supplementary table S2](#SP1){ref-type="supplementary-material"}).

###### 

Risk of death in male veterans residing in Ontario (n=20 397, median follow-up time 10 years), compared with age and sex matched civilians (n=81 559, median follow-up time 12 years)

                            \# deaths     Unadjusted HR         P value\*   Adjusted†HR           P value\*
  ------------------------- ------------- --------------------- ----------- --------------------- -----------
  Death by suicide                                                                                
  Veteran status                                                                                  
   Civilian                 189 (0.23%)   1.00 (reference)      0.41        1.00 (reference)      0.96
   Veteran                  39 (0.19%)    0.86 (0.62 to 1.22)               1.01 (0.71 to 1.43)   
  Death from other causes                                                                         
  Veteran status                                                                                  
   Civilian                 5105 (6.3%)   1.00 (reference)      \<0.001     1.00 (reference)      \<0.001
   Veteran                  815 (4.0%)    0.68 (0.63 to 0.74)               0.82 (0.76 to 0.89)   

\*P value from the Fine and Grey modified Wald statistic.

†Adjusted for age, number of major physical and mental comorbidities (0, 1, 2+), socioeconomic status (quintiles of median community income), rurality (rurality index of Ontario score, 0--9, 10--30, 31--50, 51--70, 70+).

[Table 3](#T3){ref-type="table"} describes the incidence rates of suicide within the veteran cohort by age at release, length of service and calendar year of release. The patterns in crude incidence rates suggest that veterans aged 30--49 years at the time of release and veterans who released after 2000 have a higher rate of death by suicide compared with other veterans. Veterans serving 5--9 years also appeared to have a higher rate of suicide, compared with other veterans. However, 95% confidence limits are wide and overlapped for all estimates, owing to small absolute numbers within each category.

###### 

Incidence rates of suicide in male veterans releasing between 1990 and 2013\*

  ------------------------------------------------------------
                                  Rate of deaths by suicide\
                                  per 1 00 000 person-years\
                                  (n=20 397)
  ------------------------------- ----------------------------
  Age at release                  

   \<30                           18.2 (6.7--39.6)

   30--39                         29.7 (17.0--48.3)

   40--49                         18.7 (10.7--30.3)

   50+                            1.5 (0.04--8.2)

  Calendar year of release        

   1990--1999                     13.9 (8.5--21.4)

   2000--2013                     19.7 (11.9--30.8)

  Length of service               

   \<5 years                      10.1 (3.3--23.5)

   5--9 years                     32.3 (15.5--59.4)

   10--19 years                   23.5 (10.7--44.5)

   20+ years                      12.3 (6.9--20.4)

  Time period following release   

   0--5 years                     21.3 (13.5--32.0)

   6--10 years                    12.5 (5.4--24.6)

   11--15 years                   9.4 (2.6--24.0)
  ------------------------------------------------------------

\*Absolute numbers of suicides are not reported due to small cell sizes and privacy restrictions.

Discussion {#s4}
==========

In our study, we found a similar risk of suicide among Canadian veterans compared with civilians. Patterns in suicide incidence rates suggest that veterans aged 30--49 years at the time of release, veterans released after 2000 and veterans who served 5--9 years have the highest risk within the veteran population; however, these were not statistically significant. Our finding of a similar risk of death by suicide in the veteran and civilian population is consistent with contemporary studies comparing ex-serving veteran populations and the general population in the UK,[@R8] deployed veterans in Sweden[@R13] and deployed veterans in the USA prior to 2009[@R10].

Our study is inconsistent with suicide rates and comparisons with the general population reported by the Canadian[@R15] and Australian governments,[@R9] and the American peer-reviewed literature published since 2009 for veterans of the Afghanistan and Iraq conflicts.[@R12] The VAC report concluded the age-adjusted suicide standardised mortality ratio in male veterans was 1.36 (95% CI 1.30 to 1.44) times higher than in the general population when standardised to the 1991 Canadian population, and their reported crude rates were double those described in our study for both the veteran and civilian groups although we used the same data sources and definitions to identify death by suicide.[@R15] Differences in study time frames, how the veteran populations were selected and who was included (eg, Canadian population versus Ontario alone) and differences in analytic approaches between our study and the VAC report may explain discordant findings. Differences between our study findings and the American and Australian experiences may be explained by variation in the underlying prevalence of post-traumatic stress disorder or suicide across military or general populations, or different combat and deployment experiences.[@R29]

In our study, age, length of service, era of release and the period following release appeared to modify the risk of death by suicide although our study was underpowered to identify significant differences. These results are situated within ~~previous~~work performed in other countries; however, they differ in detail. Whereas some authors have found a higher risk in young male serving and ex-serving military members,[@R11] as well as in older veterans,[@R8] others identified significantly lower rates for older veterans compared with the general population.[@R9] Many studies highlight a higher risk in early service leavers: those who spend the least amount of time in the military, who may be medically released for mental health reasons and who may have less access to support.[@R11] Our study may not adequately capture those who serve the least amount of time if they are less likely to identify with the provincial health system as a veteran. In addition to military-specific differences and underlying suicide rates, these studies may reach different conclusions given their choice of referent population or due to statistical uncertainty.

Many factors may explain why suicide rates could be similar in the veteran and general populations, even if exposure to trauma and rates of mental disorders differ. The presence of positive psychological factors, such as resiliency,[@R1] exposure to mental health training and suicide prevention efforts within the CAF and public safety occupations may mitigate the risk of suicide in the veteran population. Canadian serving members had higher odds of experiencing mental health-related stigma than the general population but were more likely to report seeking care.[@R30] Many civilians in the general population do not have access to the same level of training, supports or resources that are available to serving and ex-serving personnel, and so, although exposure to trauma or stressful conditions may be higher and stigma may still exist, Canadian military members, veterans and their networks may be better prepared to deal with them.

The healthy worker effect, defined as the bias that exists when comparing an occupational cohort to a general population that includes those unable to work due to illness or disability,[@R31] and possible misclassification of veteran status are two key limitations of this study. We addressed the healthy worker effect by adjusting for comorbidity which resulted in an attenuation of the observed difference between veterans and non-veterans, and the difference in respect of suicide remained non-significant. In addition, comorbidity may change over time resulting in residual confounding. However, we do not anticipate this would occur differently between the veteran and civilian population. Given these limitations, similar rates of death by suicide may be as meaningful as identifying an elevated risk. In addition, our means of identifying veterans in publicly funded health data is subject to limitations. A national registry of CAF or RCMP veterans does not exist. Our process of ascertainment requires self-identification of military or RCMP service history to the provincial ministry of health in order to access the provincial healthcare system. Therefore, while we are confident that those included in the study are truly military and RCMP veterans, as they must provide regulated documentation of their service history, we cannot be certain that all veterans disclose their status, in particular if they are not ill or do not require health services. However, instructions for switching to provincial health services are included and recommended to military personnel during the military-to-civilian transition. Our study observations may not be generalisable to young veterans who serve a short period of time prior to release as they may be less likely to be identified as a veteran on provincial health insurance.

We would have preferred to study risk within reservist and female veteran populations, or by service experience (eg, deployments, locations of service and combat experiences) or account for previous trauma experience or childhood adversity[@R8]; however, we were unable to do so given data availability. We were also unable to study the risk of death by suicide separately for CAF and RCMP veterans, and this may overestimate or underestimate the effect in CAF personnel. A recent survey of mental health disorders among public safety personnel suggests many RCMP screen positive for trauma exposure and various mental health problems,[@R32] although there are no data on suicide risk. In addition, RCMP personnel do not have the same access to mental health training and support as those in the CAF. In depth analyses of other-cause death, such as cancer or motor vehicle accidents, were outside the scope of our study. Future studies investigating differences in other-cause deaths are needed to create a more comprehensive picture of the impact of a military career on overall mortality.

Conclusions {#s5}
===========

Our study observed a similar suicide risk among veterans compared with a matched general population cohort. Our study's primary strength is its population-based design, including rigorous adjustment for confounding. Our observations are consistent with research in the UK and diverge from the only other Canadian study, as well as studies from the USA. Therefore, given the international focus on the issue of suicide among individuals serving or who have served in the military, this work raises a need to conduct further high-quality research on the topic of suicide in the military, including veteran populations. Similar rates of suicide-related mortality highlight the need and opportunity for earlier intervention. We recommend continued efforts around help-seeking for mental health conditions, increased focus on mental health and suicide prevention in the defence community and further suicide prevention strategy development.
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